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INTERVERTEBRAL DISC PROSTHESIS 
BACKGROUND 

[0001] The present invention relates generally to the field of intervertebral disc 
prostheses. More particularly, the invention relates to disc prostheses that have 
adjustable disc heights, that are readily converted into fusion prostheses and that 
provide a range of motions that effectively mimic the natural range of motions of a 
spinal disc. 

[0002] Intervertebral discs provide elastic support upon compression between 
adjacent vertebrae in the spine. Damage to these discs, resulting from degeneration 
and wear, may produce mobility limitations, pain, discomfort and even paralysis. 
Conventional approaches to the treatment of pathologic, degenerated or ruptured 
spinal discs include fusion of adjacent vertebrae and disc replacement. In a spinal 
fusion procedure, the faulty disc may be removed and replaced with a mechanical 
cage which maintains the proper disc spacing and helps support the load imposed on 
the spine. Ultimately, bone grows in and around the cage. The vertebrae that are 
involved in the fusion no longer take part in normal spinal flexing. 

[0003] Disc replacement is an alternative approach to fusion. Many disc prostheses 
have been proposed. Unfortunately, the proposed disc prostheses suffer from 
practical limitations. Ideally, a disc prosthesis will mimic the range of motion of a 
natural vertebral disc, including side-to-side and front-to-back bending motions, 
compression in the axial direction and rotation and translation between vertebrae. 
The disc prosthesis should provide a proper disc height between vertebrae as well as 
proper alignment of the spine. The disc prosthesis should also be biocompatible, 
stable and durable. A typical disc prosthesis may be expected to last 30 years or more 
at approximately 2 million cycles per year. 

[0004] Unfortunately, disc replacement carries significant risks. For example, 
distracting the vertebrae to insert or replace a disc prosthesis may injure the vertebrae, 
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the vertebral endplates and the surrounding tissues and ligaments, including the spinal 
cord, nerve elements and blood vessels. This can be particularly problematic if the 
disc prosthesis requires repeated replacement or when it is desirable to switch from a 
disc prosthesis to a fusion prosthesis. 

[0005] Thus, a need exists for a durable disc prosthesis that minimizes strain on the 
vertebrae, endplates and ligaments during insertion and replacement while providing a 
natural disc height and range of motion. Also desirable, is a disc prosthesis that may 
be easily converted into a fusion prosthesis while minimizing the risk of disc 
extrusion and its potentially lethal complications. 

SUMMARY 

[0006] Intervertebral disc prostheses are provided. In some embodiments, the disc 
prostheses have adjustable disc heights. In other embodiments, the disc prostheses 
may be readily converted into fusion prostheses. In still other embodiments, the disc 
prostheses provide superior axial loading capabilities. The disc prostheses may be 
implanted in the cervical, thoracic and lumbar regions of the spine and may be 
inserted via a lateral or anterior approach. The prostheses may be designed to mimic 
some or all of the natural degrees of motion provided by a spinal disc. 

[0007] One aspect of the invention provides an intervertebral disc prosthesis having 
an adjustable disc height. The prosthesis includes a first base plate which has an 
exterior surface and an interior surface. A first cup which defines a first concave 
surface is disposed on the interior surface of the first base plate. The prosthesis 
further includes a second base plate, also having an exterior surface and an interior 
surface. A second cup which defines a second concave surface is disposed on the 
interior surface of the second base plate. The first and second base plates are disposed 
opposite one another in a substantially parallel relation, such the first and second cups 
are disposed opposite and facing one another. A disc insert having two opposing 
convex surfaces is disposed between and in contact with the first and second concave 
surfaces of the first and second base plates to provide an articulating joint. The disc 
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prosthesis is characterized in that one or both of the first and second cups is mounted 
to its base plate through a vertically adjustable support. 

[0008] In an alternative configuration, an intervertebral disc prosthesis having an 
adjustable disc height, includes a first base plate having an exterior surface, an interior 
surface and a cup, which defines a concave surface, disposed on its interior surface. 
The prosthesis further includes a second base plate having an exterior surface, an 
interior surface and a knob, which defines a convex surface, disposed on its interior 
surface. The first and second base plates are disposed opposite one another in a 
substantially parallel relation, such that the concave surface of the cup and the convex 
surface of the knob are disposed facing and in contact with one another to provide an 
articulating joint. The disc prosthesis is characterized in that one or both of the cup 
and knob is mounted to its base plate through a vertically adjustable support. 

[0009] Another aspect of the invention provides a prosthesis assembly which may 
be readily converted from a disc prosthesis into a fusion prosthesis in situ. The 
prosthesis assembly includes a first base plate characterized by a circumferential edge, 
an interior surface and an exterior surface. A threaded groove extends into the 
circumferential edge along the interior surface of this first base plate. The prosthesis 
assembly also includes a second base plate characterized by a circumferential edge, an 
interior surface and an exterior surface. A threaded groove extends into the 
circumferential edge along the interior surface of the second base plate. The first and 
second base plates are disposed opposite and substantially parallel to one another, 
such that the grooves on their interior surfaces are disposed opposite and facing one 
another. A threaded rod which screws between the pair of oppositely disposed 
grooves on the first and second base plates is also provided. When the threaded rod is 
in place between the grooves, it immobilizes or partially immobilizes the two base 
plates. The prosthesis assembly may further include a joint disposed between the two 
base plates to provide one or more degrees of motion (e.g. rotating, bending, 
compression, translation) of a natural intervertebral disc. This joint may be removed 
prior to the insertion of the threaded rod to convert the assembly from a disc 
prosthesis into a fusion prosthesis. However, the removal of the joint is not 
necessary. 
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[0010] Still another aspect of the invention provides a disc prosthesis with improved 
axial loading. This disc prosthesis includes a first and a second base plate, each 
characterized by an exterior surface and an interior surface. A cup, which defines a 
concave surface, is disposed on the interior surface of each base plate and the base 
plates are disposed opposite and substantially parallel to each other, such that the cups 
are disposed opposite and facing one another. A disc insert having two opposing 
convex surfaces is disposed between and in contact with the first and second concave 
surfaces of the first and second base plates to provide an articulating joint. The disc 
insert is characterized in that the walls that form the two opposing convex surfaces 
have a plurality of compressible helical slits defined therein. 

[0011] Yet another aspect of the invention provides a prosthetic vertebral assembly 
having a height that may be adjusted in situ. Such assemblies may be used to replace 
one or more vertebra and their associated intervertebral discs. In one basic 
embodiment the prosthetic vertebral assembly includes a prosthetic vertebral body 
composed of a base characterized by a superior end and an inferior end, wherein the 
superior end is disposed opposite the inferior end. A superior vertically adjustable 
support is adjustably mounted to the superior end of the base and an inferior vertically 
adjustable support is mounted to the inferior end of the base. A first intervertebral 
disc prosthesis is mounted to the superior adjustable support and a second 
intervertebral disc prosthesis is mounted to the inferior adjustable support, such that 
the base and the adjustable supports are sandwiched between the disc prostheses. In 
this configuration, the base and the superior and inferior adjustable supports form a 
prosthetic vertebra between two prosthetic discs. When the prosthetic vertebral 
assembly is implanted in an intervertebral space, the first and second disc prostheses 
are in contact with a superior and an inferior vertebra respectively. In some 
embodiments, the prosthetic vertebral assembly may be designed to replace more than 
on vertebra by linking multiple components together. For example, a prosthetic 
vertebral assembly may be composed of a first disc prosthesis mounted to the superior 
end of a first prosthetic vertebral body, a second disc prosthesis mounted between the 
inferior end of the first prosthetic vertebral body and the superior end of a second 
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prosthetic vertebral body and a third disc prosthesis mounted to the inferior end of the 
second prosthetic vertebral body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shows a front view of a cup adjustably mounted to a base plate via a 
threaded stem. 

[0013] FIG. 2 shows a cross-sectional front view of the cup/stem/base plate 
assembly of FIG. 1. 

[0014] FIG. 3 shows a top view of the cup/stem/base plate assembly of FIG. 1 . 

[0015] FIG. 4 shows a front view of the cup/stem/base plate assembly of FIG. 1 , 

including a tab which locks in the height of the cup relative to the base plate. 

[0016] FIG. 5 shows a front view of the tab of FIG. 4. 

[001 7] FIG. 6 shows a cross-sectional side view of the tab of FIG. 4. 

[0018] FIG. 7 shows a top view of the tab of FIG. 4. 

[0019] FIG. 8 shows a cross-sectional side view of the cup/stem/base plate assembly 
of FIG. 4. 

[0020] FIG. 9 shows a cross-sectional front view of a disc prosthesis, including the 
cup/stem/base plate assembly of FIGS. 1-4. 

[0021] FIG. 1 0 shows a front view of a disc insert for a disc prosthesis. 

[0022] FIG. 1 1 shows a front view of the disc prosthesis of FIG. 9 in place between 

two vertebrae. 

[0023] FIG. 1 2 shows a front view of a disc prosthesis having two adjustable cups. 
[0024] FIG. 1 3 shows a front view of a set screw that may be used to immobilize 
the disc prosthesis of FIG. 12. 

[0025] FIG. 14 shows a cross-sectional side view of the set screw of FIG. 13. 
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[0026] FIG. 15a shows a front view of the disc prosthesis of FIG. 12 which has been 
converted into a fusion prosthesis through immobilization with the set screw of FIGS. 
13 and 14. 

[0027] FIG. 1 5 b shows an enlarged view of a recoil wire that is used to prevent the 
set screw from becoming dislodged. 

[0028] FIG. 15c shows a cross-sectional side view of the fusion prosthesis of FIG. 
15a implanted between two vertebrae. 

[0029] FIG. 16 shows a bottom view of the superior cup/stem/base plate assembly 
of the disc prosthesis of FIG. 12. 

[0030] FIG. 17 shows a top view of the inferior cup/stem/base plate assembly of the 
disc prosthesis of FIG. 12. 

[0031] FIG. 18 shows a cross-sectional side view of a set screw that may be used to 
immobilize the disc prosthesis of FIG. 12. 

[0032] FIG. 19a shows a front view of the disc prosthesis of FIG. 12 without the 
disc insert. The base plates include screw holes to allow attachment of a set screw. 

0033] FIG. 19b shows a front view of the disc prosthesis of FIG. 19a with the set 
screw of FIG. 18 in place. 

[0034] FIG. 20 shows a front view of a disc insert that may be used with the disc 
prostheses of FIGS. 9 or 12. 

[0035] FIG. 21 shows a cross-sectional view of a disc insert that may be used with 
the disc prostheses of FIGS. 9 or 12. 

[0036] FIG. 22 shows a side view of the disc prosthesis of FIG. 12 which includes a 
pair of cables running substantially parallel between the base plates. 

[0037] FIG. 23 shows a side view of the disc prosthesis of FIG. 12 which includes a 
pair of cables criss-cross between the base plates 

[0038] FIG. 24 shows a cross-sectional side view of a cup having a flat slit running 
through its concave surface. The cup is adjustably mounted to a base plate via a 
threaded stem. 
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[0039] FIG. 25 shows a front view of a prosthetic vertebral assembly implanted 
between a superior vertebra and an inferior vertebra. 

[0040] FIG. 26 shows a cross-sectional front view of the prosthetic vertebral 
assembly of FIG. 25. 

[0041] FIG. 27 shows a cross-sectional view of the prosthetic vertebral body of the 
prosthetic vertebral assembly of FIG. 25. 

[0042] FIG. 28 shows a front view of the prosthetic vertebral body of FIG. 27 . 

DETAILED DESCRIPTION 

[0043] One aspect of the invention provides intervertebral disc prostheses that do 
not require distraction or which minimize the degree of distraction required for their 
implantation. This provides an advantage over other presently known disc prostheses 
which require the vertebrae to be stretched further apart than their natural spacing in 
order to insert a prosthesis in the intervertebral space. This procedure presents an 
increased risk of injury to the vertebra, the vertebral endplates and the surrounding 
tissues and ligaments, including the spinal cord, nerve elements and blood vessels. In 
addition, implantation of conventional disc prostheses may require an asymmetric 
distraction of the vertebrae. During an asymmetric distraction the vertebrae rotate and 
collapse toward one another at the side opposite the distracting side. The disc 
prostheses provided by the present invention minimizes these risks by providing a 
disc prosthesis that may be inserted between two vertebrae without distraction or with 
minimal symmetric distraction and then expanded in situ. To the extent these 
prostheses distract the spine, they do so in a symmetric fashion without rotation or 
collapse of the vertebrae. This approach is advantageous because it minimizes facet 
loading. Additionally, because the disc height of these intervertebral disc prostheses 
may be adjusted in situ, the prostheses may be tailored to provide a desired disc height 
for a particular patient. These 'intervertebral disc prostheses are based on an 
articulating joint that uses a ball-in-socket type mechanism where the joint may be 
expanded vertically in situ after the insertion of the prosthesis in the intervertebral 
space. Typically, the intervertebral disc prosthesis will include a means for 
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simulating one or more degrees of motion of a natural intervertebral disc and a means 
for adjusting the disc prosthesis height in situ. The means for simulating one or more 
degrees of motion of a natural intervertebral disc may be a joint and the means for 
adjusting the disc prosthesis height in situ may be a vertically adjustable support. 
[0044] In one embodiment, the disc prosthesis has an articulating joint that includes 
a single articulating interface defined by a concave surface and a complementary 
convex surface that fits into and articulates with the concave surface. For the 
purposes of this disclosure, a part of a disc prosthesis that defines a concave surface 
will be referred to as a "cup" and a part of a disc prosthesis that defines the 
complementary convex surface will be referred to as a "knob." At least one of the 
cup or the knob that define the articulating joint is mounted to a first base plate 
through a vertically adjustable support. The remaining knob or cup may be mounted 
to a second base plate through a vertically adjustable support, fixedly mounted to a 
second base plate or may simply be defined by a protrusion or indentation in a second 
base plate. For the purposes of this invention, a cup or knob is "disposed on" a base 
plate if it is adjustably or fixedly mounted to the base plate, or if it is defined by the 
surface of the base plate itself. When the disc prosthesis is in place in the 
intervertebral space, the first base plate and the second base plate are disposed 
opposite one another such that the concave and convex surfaces come together to 
form the articulating joint. Once the disc prosthesis is in place in the intervertebral 
space, the vertically adjustable support or supports may be adjusted to expand the disc 
height until the natural disc height is restored and the base plates are pressed more 
firmly against the vertebrae, stabilizing the prosthesis and minimizing the risk of disc 
extrusion. 

[0045] In another embodiment, the disc prosthesis has an articulating joint that 
includes two articulating interfaces defined by two opposing cups separated by a disc 
insert having two oppositely disposed convex surfaces that fit into and articulate with 
the concave surfaces of the cups. In this design, one or both of the cups is mounted to 
a base plate through a vertically adjustable support. When only one cup is so 
mounted, the other may be fixedly mounted to a second base plate or may simply be 
defined by an indentation in the second base plate. When the disc prosthesis is in 
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place in the intervertebral space, the first base plate, the second base plate and their 
corresponding first and second cups are disposed opposite one another with the disc 
insert disposed between the two cups, such that the convex surfaces of the disc insert 
and the concave surfaces of the cups come together to form the articulating joint. 
Once the disc prosthesis is in place in the intervertebral space, the vertically 
adjustable support or supports may be adjusted to expand the disc height until the 
natural disc height is restored and the base plates are forced more firmly against the 
superior and inferior vertebrae, stabilizing the prosthesis and minimizing the risk of 
disc extrusion. 

[0046] The vertically adjustable support may be any support that can be adjusted in 
situ to change the spacing between the cup or knob mounted thereon and the base 
plate. As used herein, "vertically adjustable" indicates that the support may be 
adjusted vertically with respect to the plane of the base plate. 

[0047] In one exemplary embodiment, the vertically adjustable support is composed 
of a threaded stem that screws into a complimentarily tapped bore in a base plate. 
The bore may extend into or through the base plate. Using this construction, the disc 
height of the prosthesis may be increased or decreased by rotating the stem within the 
bore in one direction or the other. The adjustable support and/or threaded stem may 
optionally include a stop which prevents the disc height from changing once the 
support has been adjusted. 

[0048] In one variation on the above-described embodiment, the vertically 
adjustable support is a stem onto which a cup or knob is mounted. An axial tapped 
bore extends into the stem that screws onto a threaded stem extending from the base 
plate. Using this construction, the disc height of the prosthesis may be increased or 
decreased by rotating the tapped bore on the threaded stem in one direction or the 
other. The adjustable support may optionally include a stop which prevents the disc 
height from changing once the support has been adjusted. 

[0049] In another design, the adjustable support may be a stem having a saw-tooth- 
like pattern along its edge. In this design, the ratcheting teeth along the stem engage 
with reciprocating teeth in a bore in the base plate allowing the cup or knob mounted 



Atty. Dkt. No. 036163-0101 



to the adjustable support to be jacked up from the base plate in a step-wise fashion. 
Yet another design combines a screw-type rotational motion and a ratcheting 
mechanism. In this embodiment a threaded stem screws out of a tapped bore in the 
base plate and at regular intervals ratchets along the stem engage reciprocating teach 
in the bore to prevent unintended retraction. 

[0050] Other suitable vertically adjustable supports include, but are not limited to, 
those based on a cam mechanism, such as that described in U.S. Patent No. 4,863,476 
and those based on an expandable/collapsible bellows, such as that described in U.S. 
Patent No. 6,375,682. 

[0051] The adjustable support and the cup or knob mounted thereon are desirably, 
but not necessarily, removably attached to the underlying base plate such that they 
may be completely detached from the disc prosthesis. This allows the cup or knob to 
be replaced when an articulating joint begins to wear out or fails. Alternatively, the 
removal of the articulating joint allows the disc prosthesis to be converted into a 
fusion prosthesis. This may be accomplished by inserting a cage between the base 
plates to immobilize the base plates between the vertebrae. In the embodiments 
provided above, the adjustable support could be removed from its base plate simply 
by unscrewing the threaded stem from its tapped bore or by ratcheting the saw- 
toothed stem out of its bore. 

[0052] The base plates to which the adjustable supports are anchored may be 
designed to provide multiple sites of attachment for the adjustable supports. For 
example, a base plate may include more than one bore along its anterior-posterior axis 
for receiving a threaded stem. By changing the location of the adjustable supports on 
the base plates, the placement of the articulating joint and its center of articulation 
may be tailored to meet the specific needs of a given patient. 
[0053] The base plates may be made of any suitable biocompatible material and 
may optionally be made of or coated with a porous material to allow bone and/or 
tissue growth therethrough. Alternatively, the base plates may be made of a 
fenestrated biocompatible material that allows bone and/or tissue growth 
therethrough. Suitable biocompatible materials include, but are not limited to, metals 



-10- 



Atty. Dkt. No. 036163-0101 



such as titanium, titanium alloys, chrome cobalt, or stainless steel. Other 
biocompatible materials include, but are not limited to, graphite and ceramics, such as 
hydroxapatites. Plastics may also be employed. Suitable plastics include, but are not 
limited to, polyethylene (e.g. ultra high molecular weight polyethylene) and polyether 
ester ketone. 

[0054] The exterior surfaces of the base plates (i.e., the surfaces that are adapted to 
be attached to the superior and inferior vertebrae defining the intervertebral space) 
may be flat, but are desirably convex, such that they match the natural contours of the 
vertebral endplates. The exterior surfaces and interior surfaces (i.e. the surfaces that 
face the intervertebral space when the disc prosthesis is in place) of the base plates 
may be substantially parallel or may define a small angle (e.g., less than about 10 
degrees), providing a wedge shaped plate. The circumferential shape of the base 
plates is not critical, but should be chosen to provide a stable foundation for the disc 
prosthesis against the vertebral endplates. As such, the base plates desirably cover the 
endplates of the vertebrae substantially completely in order to avoid the application of 
pressure to and the puncturing of the softer tissue in the nucleus of the endplates. In 
some instances the base plates may have a oval circumference. In other instances the 
base plates may have a kidney-like circumference that mimics the natural 
circumferential shape of the vertebrae. The base plates may be anchored to the 
vertebral endplates through any suitable attachment means, many of which are well 
known. For example, the base plates may be fastened to their respective endplates 
through bone screws, pins, pegs, teeth and the like. 

[0055] The circumferential shape of the concave or convex surfaces that are defined 
by the knobs or cups may take on a variety of shapes, including circular or ellipsoidal. 
An ellipsoidal shape is advantageous because such a shape limits axial rotation 
without constraining flexion and extension or lateral bending in the direction parallel 
to the short axis of the ellipsoid. When the concave surfaces have an ellipsoidal 
circumferential shape, the long axis of the ellipsoid may run parallel to the anterior- 
posterior axis of the base plate, perpendicular to the anterior-posterior axis of the base 
plate, or at an angle between parallel and perpendicular. 
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[0056] In some embodiments, the concave surfaces will include a flat strip dividing 
the apex of the concavity. When this concave surface engages a complimentary 
convex surface, the strip allows for translation of the convex surface along the flat 
strip of the concave surface, as well as rotation. By providing for translation, 
excessive stresses on the disc prosthesis may be alleviated. The flat strip preferably 
runs along the concave surface in a direction that is substantially perpendicular to the 
anterior-posterior axis of the prosthesis, however other orientations are possible. 

[0057] The cups and/or knob may be positioned on the base plates such that the 
vertical axes through the centers of their concave or convex surfaces coincide with the 
midpoint of the anterior-posterior axes of the base plates. Alternatively, the vertical 
axes through the centers of the concave or convex surfaces may be displaced 
posteriorly with respect to the midpoints of the anterior-posterior axes of the base 
plates. The latter embodiment may be advantageous because it more accurately 
reproduces the natural center of articulation of the spine. 

[0058] Like the base plates, the disc inserts may be made of any suitable 
biocompatible material, including those listed above. In some embodiments, the disc 
insert is desirably made from a plastic, such as polyethylene. The circumferential 
shape of the oppositely disposed convex surfaces will reflect the circumferential 
shape of the concave surfaces. Thus, in some embodiments the circumferential shape 
of the convex surfaces will be circular or ellipsoidal. The opposing surfaces are 
desirably, but not necessarily, bilaterally symmetric. A radioopaque marker may 
optionally be incorporated into the disc insert to facilitate x-ray detection of the insert. 
For example, the disc insert may have a ring made from a radioopaque material 
disposed in a groove around the circumference of the insert. Alternatively, the disc 
insert may have a plate made from a radioopaque material disposed laterally through 
its central portion. 

[0059] In order to provide for axial loading of the disc prosthesis, the disc insert 
may optionally be a compressible insert. For example, the disc insert may define one 
or more compressible slits around at least a portion of the periphery of its external 
surface in order to provide for axial loading. The disc insert may optionally include a 
central collar separating the two oppositely disposed convex surfaces. The collar may 
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include a flat ring around the periphery of the disc insert, which allows for translation 
between the convex and concave surfaces, and an outer circumferential wall. 

[0060] A second aspect of the invention provides an intervertebral prosthesis 
assembly that may be readily converted from a disc prosthesis into a fusion prosthesis. 
These assemblies make it possible for a physician to change the approach for treating 
back pain and disc degeneration from a reconstruction or replacement of the 
degenerated joint to a spinal fixation and fusion using a single assembly. The 
assemblies are converted from a disc prosthesis into a fusion through the 
immobilization of the disc prosthesis in situ and may be used in the event of a disc 
failure. 

[0061] The basic features of the assembly include two base plates, each adapted to 
be fixed to one of two vertebrae that define an intervertebral space. The base plates 
each have an circumferential edge, an exterior surface and an interior surface. When 
the prosthesis is inserted into the intervertebral space, the two base plates are disposed 
opposite one another. In this configuration, one base plate is fastened to the superior 
vertebral endplate and is referred to as the superior base plate. The other base plate is 
fastened to the inferior vertebral endplate and is referred to as the inferior base plate. 
The superior base plate has at least one threaded groove extending into its 
circumferential edge along its interior surface. Similarly, the inferior base plate has at 
least one threaded groove extending into its circumferential edge along its interior 
surface. The grooves on the opposing plates are positioned such that they are 
disposed opposite and facing one another when the prosthesis is in place in the 
intervertebral space. In order to ensure that the base plates have the correct alignment 
when they are inserted, they may include some sort of marking (e.g. a line etched in 
the circumferential edges) that lines up when the base plates are correctly positioned. 
The threads in the grooves are adapted to engage with a threaded rod such that the rod 
may be screwed into place between the grooves to prevent the prosthesis from 
articulating. In this configuration, the rod serves as a cage in the fusion prosthesis. It 
is advantageous to provide as large a cage as possible in the fusion prosthesis, 
therefore, it is desirable for the threaded groove and the cage (i.e. threaded rod) to 
extend into the prosthesis assembly as far as possible. For example, if the prosthesis 
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assembly includes a ball-in-socket type joint, the groove may extend to the cups 
and/or knobs that form the joint. 

[0062] The two base plates may include a single pair of oppositely disposed grooves 
or may include two or more pairs of oppositely disposed grooves located at different 
positions along their circumferential edges. For example, the circumference of the 
base plates may be characterized as having a ventral edge (i.e. a portion of the 
circumferential edge that faces anteriorly when the prosthesis is in place in an 
intervertebral space), a dorsal edge (i.e. a portion of the circumferential edge that 
faces posteriorly when the prosthesis is in place in an intervertebral space) and a first 
and second lateral edge (i.e. portions of the circumferential edge that face laterally 
when the prosthesis is in place in an intervertebral space). In some embodiments, the 
base plates will define a single pair of opposing threaded grooves located along the 
ventral or lateral edges of the base plates. In other embodiments, the base plates will 
each define two or more pairs of opposing threaded grooves located along their 
ventral or lateral edges. In still other embodiments, multiple pairs of opposing 
threaded grooves may be located along a single portion of the circumferential edge 
(e.g. ventral or lateral). It should be understood that the different portions (ventral, 
dorsal and lateral) of the circumferential edge of a base plate may not be rigidly 
defined, depending upon the shape of the base plate. However, the term "ventral 
edge" may generally encompass any portion of the circumferential edge that is 
accessible from an anterior approach, the term "lateral edge" may generally 
encompass any portion of the circumferential edge that is accessible from a lateral 
approach and the term "dorsal edge" may generally encompass any portion of the 
circumferential edge that is accessible from a posterior approach. 
[0063] The rod desirably has an outside diameter that is large enough to distract the 
vertebrae sufficiently to press the base plates snugly against the vertebrae, stabilizing 
the fusion prosthesis and preventing the base plates from separating further during 
use. Again, it should be noted that the term "rod" as used herein is not intended to 
denote only a solid cylinder. The cylinder may be hollow. The threaded rod 
desirably has a tapered leading edge. This is advantageous because it allows the 
threaded rod to be introduced into the cavity defined by the opposing grooves without 
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first having to distract the vertebrae. In this configuration, the threaded rod passes 
into the cavity until it engages the threads in the opposing grooves. Once the threads 
have been engaged, the rod may be screwed between the grooves, causing the 
superior and inferior base plates to distract. 

[0064] The base plates and the threaded rod may be made of any suitable 
biocompatible material and are desirably made of or coated with a porous material or 
of a fenestrated biocompatible material which allows bone and/or tissue growth 
therethrough. 

[0065] When the prosthesis assembly is acting as a disc prosthesis, it will include a 
joint sandwiched between the two base plates. The joint may be any mechanism that 
simulates one or more of the natural degrees of motion of the spinal column. Various 
types of joints for providing degrees of motion are known. These include ball-in- 
socket mechanisms made from complementary concave and convex surfaces that 
form an articulating joint between two opposing base plates. Other disc prosthesis 
include a flexible rubber or polymeric insert disposed between two base plates to 
replicate natural spinal motion. Still other disc prosthesis include mechanical 
damping mechanisms, such as springs, disposed between opposing base plates in 
order to mimic natural spinal motion. Any of these joints which replicate one or more 
degrees of spinal motion may be utilized in the prosthesis assemblies provided herein. 
In some embodiments the means for providing motion, such as an articulating ball-in- 
socket type joint, is offset posteriorly with respect to the anterior-posterior axes of the 
base plates. This design more accurately simulates the position of the natural center 
of articulation and provides more space for and easier access to a pair of opposing 
threaded grooves along the ventral edge of the base plates. 

[0066] The joint is desirably, but not necessarily, removable, such that it may be 
removed prior to the insertion of the threaded rod which converts the disc prosthesis 
into a fusion prosthesis. For example, when a disc prosthesis having an articulating 
joint composed of a disc insert disposed between two cups, as described in detail 
above, is used, the disc insert and the cups may be removed prior to immobilizing the 
base plates. Alternatively, the insert could be immobilized by rigidly attaching it to 
the prosthesis assembly. In one such configuration, the disc insert may include a 
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tapped bore into which a screw may be inserted to fasten the insert to the threaded 
rod. 

[0067] The range of rotational motion provided by the disc prostheses may 
optionally be restricted in order to provide more natural disc-like movement. This 
may be accomplished by securing one or more cables between the superior and 
inferior base plates such that the cables prevent unrestricted rotation of one plate with 
respect to the other. One or more cables may be used and they may be attached to the 
base plates at a variety of locations. The cables are preferably attached to the 
circumferential edge of the base plates. When multiple cables are used, neighboring 
cables may be attached between the base plates in a substantially parallel relation or 
they may be attached such that they criss-cross. The cables may be attached to the 
base plates by any suitable means, such as with welds, hooks, pins, snaps, and the 
like. The cables may be rigidly or removably fixed to the base plates. The latter 
embodiment is advantageous because it allows the cables to be moved out of the way 
in order to make adjustments to the prosthesis. The cables may be made of any 
biocompatible material that is sufficiently elastic to provide a limited degree of 
rotational motion. In one embodiment, the cables are made from a memory metal 
alloy that exhibits super-elastic properties at body temperature. A discussion of 
suitable biocompatible memory metal alloys may be found in U.S. Patent Application 
Publication No. 2003/0009223, which is incorporated herein by reference. Stainless 
steel is another example of a suitable materials from which the cables may be made. 

[0068] Another aspect of the invention provides a prosthetic vertebral assembly that 
may be used to replace one or more vertebrae and the intervertebral discs associated 
therewith. The height of the assemblies may be vertically adjusted, that is adjusted in 
the direction along the long axis of the spinal column when the assemblies are 
implanted. This feature makes it easy to tailor the assembly height to a particular 
patient and to adjust the height of in situ if necessary. The assemblies include at least 
one vertically adjustable prosthetic vertebral body that is made from a base having a 
superior end and an inferior end, where the term "superior end" refers to the end of 
the body that faces a superior vertebra when the assembly is implanted in a spine and 
the term "inferior end" refers to the end of the body that faces an inferior vertebra 
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when the assembly is implanted in a spine. A superior vertically adjustable support is 
adjustably mounted to the superior end of the base and an inferior vertically 
adjustable support is adjustably mounted to the inferior end of the base. A first 
intervertebral disc prosthesis is attached to the superior vertically adjustable support 
and a second intervertebral disc prosthesis is attached to the inferior vertically 
adjustable support, such that the prosthetic vertebral body is sandwiched between the 
first and second disc prosthesis in a generally axial alignment. The prosthetic 
vertebral body may optionally be adapted to accept screws, or other attachments 
means, that would permit the prosthetic vertebral body to accept a stabilizing device 
for stabilizing the prosthetic vertebral assembly in a patient's spine. 
[0069] The vertically adjustable supports may be any supports that may be adjusted 
in situ to change the overall height of the prosthetic vertebral body. In one exemplary 
embodiment, the base of the prosthetic vertebral body comprises a threaded rod 
characterized by a superior end and an inferior end and the first and second vertically 
adjustable supports each define a tapped bore, extending into one surface thereof, 
which screws onto one end of the threaded rod. In this design the height of the 
prosthetic vertebral body may be increased or decreased by rotating one or both of the 
supports on the threaded rod in one direction or the other. The adjustable supports 
and/or the threaded rod may optionally include a stop which prevents undesired 
expansion or contraction of the prosthetic body height once it has been properly 
adjusted. 

[0070] In another embodiment, the base of the prosthetic vertebral body defines a 
tapped bore extending through the base, or two oppositely disposed tapped bores 
extending into opposing sides of the base, and the superior and inferior vertically 
adjustable supports are threaded rods adapted to screw into opposite ends of the 
tapped bore or into oppositely disposed tapped bores in the prosthetic vertebral body. 
Using this construction, the height of the prosthetic vertebral body may be increased 
or decreased by rotating the threaded rods in the tapped bore or bores in one direction 
or the other. The adjustable supports and/or the tapped bore(s) may optionally include 
a stop which prevents undesired expansion or contraction of the prosthetic body 
height once it has been properly adjusted. 
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[0071 ] Alternatively, the base of the prosthetic vertebral body may comprise a stem 
having a saw-tooth-like pattern along its periphery at one end and an opposing saw- 
tooth like pattern along its periphery at the opposing end. In this design, the 
ratcheting teeth along one end of the stem engage with reciprocating teeth in a bore 
defined by the superior support and the ratcheting teeth along the opposing end of the 
stem engage with reciprocating teeth in a bore defined by the inferior support, such 
that the height of the prosthetic vertebral body may be increased by jacking up one or 
both supports on the stem. Yet another design combines a screw-type rotational 
motion and a ratcheting mechanism. In this embodiment the base of the prosthetic 
vertebral body is a threaded stem having ratchets at regular intervals that engage 
reciprocating teeth in the tapped bores of the adjustable supports to prevent 
unintended contraction of the prosthetic body height. 

[0072] The base and the superior and inferior vertically adjustable supports may be 
made of any suitable biocompatible material. Suitable biocompatible materials 
include, but are not limited to, metals such as titanium, titanium alloys, chrome cobalt, 
or stainless steel. Other biocompatible materials include, but are not limited to, 
graphite and ceramics, such as hydroxapatites. Plastics may also be employed. 
Suitable plastics include, but are not limited to, polyethylene (e.g. ultra high 
molecular weight polyethylene) and polyether ester ketone. 

[0073] The dimensions (e.g. lateral and anterior-posterior widths) of the prosthetic 
vertebral body are desirably designed to mimic those of a natural vertebra. The 
prosthetic vertebral body, and the superior and inferior vertically adjustable supports 
in particular, may have a variety of circumferential shapes, however, the 
circumferential shape preferably will be generally cylindrical. 

[0074] The first and second intervertebral disc prostheses that are mounted to 
opposing ends of the prosthetic vertebral body may have a variety of designs, 
provided they are adapted to be mounted to the vertebral body in a configuration and 
alignment that allows them to replace a natural intervertebral disc when the prosthetic 
vertebral assembly is implanted into a patient's spine. The disc prostheses may be 
mounted to the prosthetic vertebral body by any suitable means, including but not 
limited to, screws, pins, welds, and the like. In some embodiments the disc prostheses 
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may be mounted to the prosthetic body by allowing one or both of the vertically 
adjustable supports serve as a part of the disc prostheses. 
[0075] Typically, a suitable intervertebral disc prosthesis will include a joint 
sandwiched between a superior base plate and an inferior base plate. The joint may 
by any mechanism that simulates one or more of the natural degrees of motion of a 
spinal column. Examples of suitable joints include, but are not limited to, those based 
on a ball-in-socket type interface, those based on a flexible rubber or polymeric insert 
and those based on a mechanical damping mechanism, such as a spring. In some 
embodiments, the superior and/or inferior vertically adjustable supports will 
themselves provide base plates for the disc prostheses. 

[0076] One or both of the intervertebral disc prostheses of the prosthetic vertebral 
assembly may be an intervertebral disc prosthesis having an adjustable disc height. 
Such vertically adjustable disc prostheses are discussed in detail above. The 
combination of a prosthetic vertebral body having a vertically adjustable body height 
with one or more disc prostheses having vertically adjustable disc heights is 
advantageous because it provides the surgeon with a great deal of flexibility in 
tailoring the prosthetic vertebral assembly for a given patient. 
[0077] In some instances several intervertebral disc prostheses may be combined 
with two or more prosthetic vertebral bodies in order to replace entire portions of a 
patient's spine. For example, an assembly could be composed of a first prosthetic 
vertebral body sandwiched between a first and a second intervertebral disc prosthesis 
and a second vertebral body sandwiched between the second and a third intervertebral 
disc prosthesis. 

[0078] The disc prostheses and prosthetic assemblies provided herein may be 
further illustrated by the non-limiting embodiments discussed below in connection 
with the figures. However, these embodiments are intended only to exemplify the 
invention and should not be construed to limit the invention to any particular 
embodiment. The drawings are not necessarily to scale and the relative dimensions of 
the disc prostheses and prosthesis assemblies provided therein may deviate from those 
shown in the figures. 
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[00791 FIG. 1 shows a front view of an assembly including a cup adjustably 
mounted to a base plate in accordance with one embodiment of the present invention. 
FIG. 2 shows a cross-sectional view of the assembly of FIG. 1 and FIG. 3 shows a top 
view of the assembly of FIG. 1. The assembly includes a cup 100 mounted on a 
threaded stem 102 which screws into a tapped bore 104 in a base plate 106. The cup 
defines a concave surface 108 and has a plurality of holes 110 disposed around its 
circumferential edge 111. These holes are adapted to engage with a tool that may be 
used to rotate the cup in situ. In FIG. 1, the cup further includes four equi-spaced 
notches 1 12 cut into the periphery of its circumferential edge, however, a different 
number of notches and different notch placements are possible. A plurality of tapped 
holes 116 extend radially into the threaded stem. As the threaded stem is rotated from 
its lowest position upward, the tapped holes in the stem become exposed above the 
interior surface 1 1 8 of the base plate 106. The tapped holes are vertically displaced 
from one another around the circumference of the threaded stem, such that more 
tapped holes become exposed as the threaded stem is rotated upward. For example, 
the tapped holes may be displaced such that one additional tapped hole becomes 
exposed every time the threaded stem is raised an additional 1 millimeter in height. 
However, other displacements are also possible. The base plate includes at least one 
notch 120 that may be disposed opposite and facing a notch on the circumferential 
edge of the cup. The external surface 122 of the base plate includes a plurality of pins 
124 adapted to attached the base plate to the endplate of a vertebra. 
[0080] FIG. 4 shows how the notches on the cup and the base plate may be used to 
lock in the height of the cup above the base plate. When the notch 120 on the base 
plate 106 is lined up opposite a notch 1 12 on the circumferential edge 1 1 1 of the cup 
100, the two notches form a frame into which a tab 126 may be fastened against the 
threaded stem 102 using a screw 128 that engages one of the tapped holes 1 16 
extending radially into the stem. When the tab is in place the threaded stem is unable 
to rotate. FIGS. 5-7 show a exemplary tab that may be used to lock in the height of 
the cup in FIG. 4. FIG. 5 is a front view of the tab 126 and includes a front view of a 
screw 128 extending through the tab and adapted to fit a tapped hole 1 16 in the 
threaded stem 102. FIG. 6 shows a cross-sectional side view of the tab and screw. As 
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shown in figure, the screw may be aligned at a substantially right angle with respect to 
the long axis of the tab (solid line), or may be aligned at a different angle (dotted 
lines) to make it more accessible in situ. FIG. 7 shows a top view of the tab and 
screw. Here the contour of the inner surface of the tab matches the contour of the 
outer surface of the threaded rod to provide a snug fit when the tab is screwed into 
place. Although the tab and the frame in FIG. 4 are generally rectangular in shape, it 
should be understood that a variety of alternative shapes may also be employed. FIG. 
8 shows a cross-sectional side view of the tab of FIGS. 5-7 inserted into the assembly 
of FIG. 1. As illustrated in FIG. 8, when the tab is screwed in at an angle, the notches 
on the cup and the base plate that form the frame, should also be cut at an angle. 
[0081] It is also possible to lock the cup against the base plate when the cup is in its 
fully contracted position. This may be accomplished by fastening an appropriately 
sized tab into the frame formed by two opposing notches when the cup is resting 
against the base plate. In one embodiment, the tab is fastened into place by screwing 
it directly to the base plate itself. In this embodiment, the tab includes a screw 
aperture through which a screw may be inserted. The screw may then be screwed into 
a tapped hole in the base plate, fixing the tab in the frame. 

[0082] It should be noted that although the assembly of FIGS. 1 -4 and 8 refer to a 
disc prosthesis where a cup is mounted to a vertically adjustable support, an 
analogous design could also be used where a knob is mounted to a vertically 
adjustable support. 

[0083] A cross-sectional front view of one exemplary disc prosthesis that includes 
the assembly of FIG. 1 is shown in FIG. 9. The disc prosthesis includes a superior 
base plate 130 defining a first concave surface 132, a disc insert 134 having two 
oppositely disposed convex surfaces 136, 138, and the inferior base plate 106 and cup 
100 which provides a second concave surface 108. As discussed above, the cup is 
mounted on a threaded stem 102 which screws into a tapped bore 104 in the inferior 
base plate to provide a vertically adjustable support. The external surfaces 140, 122 
of the superior and inferior base plates include pins 124 to anchor the base plates to 
vertebral endplates. 



-21- 

003.445911.6 



Atty. Dkt. No. 036163-0101 



[0084] FIG. 1 0 shows a front view of the disc insert of the disc prosthesis of FIG. 9. 
As shown in the figure, the insert includes a collar 146 around its midsection. This 
collar has an upper rim 148 and a lower rim 150 separated by a circumferential 
groove 152 which is adapted to receive a radioopaque ring (not shown) in order to 
locate the disc prosthesis in situ via x-ray imaging. 

[0085] FIG. 1 1 shows the disc prosthesis of FIG. 9 inserted into the intervertebral 
space between a superior vertebra 142 and an inferior vertebra 144. In the figure, the 
tab 128 that locks in the height of the cup 100 relative to the inferior base plate 106 
faces in an anterior direction which makes it more easily accessible in situ. 
[0086] A prosthesis assembly that may be converted from a disc prosthesis into a 
fusion prosthesis is presented in FIG. 12. This assembly is based on an articulating 
joint of the type shown in FIG. 9. Unlike the disc prosthesis of FIG. 9, however, both 
cups 100, 154 of prosthesis of FIG. 12 are vertically adjustably mounted to their 
respective base plates 106, 130 on threaded stems 102, 156. The superior base plate 
130 has an exterior surface 140 adapted to be attached to a vertebral endplate through 
a plurality of pins 124, an interior surface 158 that faces into the intervertebral space 
when the disc prosthesis is in place and a circumferential edge 160. Similarly, the 
inferior base plate 106 has an exterior surface 122 adapted to be attached to a 
vertebral endplate through a plurality of pins 124, an interior surface 118 that faces 
into the intervertebral space when the disc prosthesis is in place and a circumferential 
edge 162. A first threaded groove 164 extends into the circumferential edge of the 
superior base plate along its interior surface and a second threaded groove 166 
extends into the circumferential edge of the inferior base plate along its interior 
surface. 

[0087] The threading in the grooves is best seen in FIGS. 16 and 17. FIG. 16 shows 
the view looking up at the superior base plate 130. FIG. 17 shows the view looking 
down on the inferior base plate 106. In the embodiment depicted in FIGS. 16 and 17, 
both base plates include two threaded grooves, one at the ventral edge 164, 166 and 
one at the lateral edge 168, 170. 
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[0088] It should be noted that the vertically adjustable cups shown in FIG. 12 could 
also include the notch/tab configuration of FIG. 4 in order to lock in the height of the 
cups relative to the base plates, although such a configuration is not explicitly shown 
in FIG. 12. 

[0089] In order to convert the prosthesis assembly of FIG. 12 into a fusion 
prosthesis, the base plates may be immobilized by screwing a threaded rod, such as a 
set screw 172, between opposing grooves in the superior and inferior base plates. 
FIGS. 13 and 14 depict a front and cross-sectional side view, respectively, of a 
suitable set screw having a tapered leading edge 173. FIGS. 15a and c show a front 
view and a cross-sectional side view, respectively, of the prosthesis assembly of FIG. 
12. In FIG. 1 5c the prosthesis assembly is implanted between a superior vertebra 142 
and an inferior vertebra 144. The prosthesis assembly shown in FIGS. 15a and c 
includes the set screw 172 of FIGS. 13 and 14 in place between the two threaded 
grooves 164, 166. In the embodiment shown in FIGS. 15a and c, the disc insert 134 
was removed prior to insertion of the set screw. However, it is possible to leave the 
disc insert in place. Also, it should be noted that the cups in FIG. 12 could also have 
been removed (i.e. unscrewed) or lowered prior to inserting the set screw. Although 
both cups are adjustably mounted to the base plates in FIGS. 12 and 15, it is also 
possible for one or both of the cups to be fixedly mounted to or simply defined by the 
interior surface of the base plates. The prosthesis assembly of FIG. 12 also includes 
two "stops." The first stop 174 is attached to the circumferential edge 160 of the 
superior base plate 130 and the second stop 176 is attached to the circumferential edge 
162 of the inferior base plate 106. In the embodiment shown, these stops, which are 
designed to prevent the set screw from slipping out, take the form of thin, flexible 
wires that stick out over or into the threaded grooves. FIG. 15b shows a close up 
view of an illustrative recoil wire 176 that is inset into the circumferential edge 162 of 
the inferior base plate 106. The wires flex away from the groove as a set screw is 
screwed into place, allowing the set screw to be inserted into the groove unhindered, 
however, once the set screw is fully inserted and the face of the set screw is flush with 
the circumferential edge of the base plates, the wires recoil back over or into the 
groove, preventing the set screw from becoming dislodged. The recoil wires may be 
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attached to the circumferential edge of the base plates, as shown in the figure, or may 
be inset slightly into the threaded groove. Although only two stops are shown in FIG. 
12, more than two stops may be used and these may be positioned at a variety of 
locations around the threaded grooves. 

[0090] In an alternative design, the set screw may have a head that includes one or 
more screw apertures extending through its top face. These apertures may be aligned 
with tapped bores in the base plates and screws may be inserted through the apertures 
into the tapped bores in order to secure the set screw to the base plates. A cross- 
sectional view of a set screw that may be used in this manner is shown in FIG. 1 8. As 
shown in the figure, the set screw 178 includes a tapered threaded body 180 and a flat 
face 182 having a plurality of screw apertures 183. The number and spacing of the 
apertures is not critical, provided at least one aperture may be lined up with at least 
one opposing tapped bore in a base plate when the set screw is in place. FIG. 19a 
shows a disc prosthesis having tapped bores 185 in its superior 130 and inferior base 
plates 106 and FIG. 19b shows the disc prosthesis of FIG. 19a with the set screw 178 
of FIG. 18 secured by four screws 187 to its superior and inferior base plates. 
[0091] In an alternative embodiment, the apertures in the face of the set screw may 
be positioned such that a bone screw may be inserted through one or more of the 
apertures and into a vertebra when the disc prosthesis is in place. In this embodiment, 
the face of the set screw should have a diameter large enough to position the screw 
apertures over the vertebra when the disc prosthesis is in place. Alternatively, the 
face of the set screw may include tabs that extend outwardly from the face of the set 
screw and overlap with the vertebra when the disc prosthesis is in place, allowing 
bone screws to be inserted through screw apertures in the tabs and into the vertebra. 
[0092] FIG. 20 shows a front view of a disc insert that may be used, for example, 
with a disc prosthesis of the type shown in FIG. 9 or FIG. 12. FIG. 21 shows a cross- 
sectional view of the disc insert. This insert allows for axial loading, to provide a 
more natural range of motion. The disc insert includes a first convex surface 184, a 
second convex surface 186, and a central collar 188. The collar extends through the 
disc insert and includes a flat ring portion 190 and an outer circumferential wall 192 
having a circumferential groove 194 that separates the outer circumferential wall into 
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an upper rim 196 and a lower rim 198. The two convex surfaces are formed by a wall 
having a plurality of compressible helical slits 200 defined therein. As shown in the 
figures, the slits are desirably disposed on the convex surfaces in at least partial 
overlapping relation. The slits are compressible, such that forces exerted by vertebrae 
on a disc prosthesis that includes the disc insert, are transferred along the convex 
surfaces through the overlapping region, providing a spring-like characteristic. 
[0093] FIGS. 22-24 show some optional features of the disc prostheses that may 
help to more accurately mimic the natural motions of an intervertebral disc. FIG. 22 
shows a side view of the disc prosthesis of FIG. 12, including two elastic cables 202, 
204 connected between the superior base plate 130 and the inferior base plate 106. 
These cables are used to restrict the rotational motion of the base plates. In FIG. 22 
the cables are depicted running substantially parallel. FIG. 23 shows an alternative 
cable arrangement where the cables 206, 208 criss-cross. In both configurations, the 
disc prosthesis may include a second pair of cables (not shown) disposed 
symmetrically on the other side of the prosthesis. If the superior base plate 130 is 
viewed from above as a twelve hour clock face with the twelve o'clock position 
corresponding to the most posterior point of the plate in FIGS. 22 and 23, the cables 
are secured to the base plates at approximately the 2:00 and 4:00 positions and a 
symmetrically disposed pair of cables on the other side of the prosthesis would be 
secured at approximately the 8:00 and 10:00 positions. However, these positions are 
not critical and it should be understood that the cables may be secured at other 
positions. 

[0094] FIG. 24 shows a cross-sectional side view of an assembly including a cup 
210 adjustably mounted to a base plate 212 via a threaded stem 214. This assembly is 
similar to that shown in FIG. 1, with the exception that the cup 210 of FIG. 24 
includes a flat strip 216 running through the center of the concave surface 218 in a 
direction substantially perpendicular to the anterior-posterior axis of the base plate. 
When the assembly is incorporated into a ball-in-socket type disc prosthesis, the 
convex surface which engages the cup is able to translate along the strip. This design 
may be used to more accurately mimic the natural motion of an intervertebral disc. 
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[0095] A prosthetic vertebral assembly is shown in FIGS. 25 and 26. FIG. 25 
shows a front view of the prosthetic vertebral assembly 220 implanted between a 
superior vertebra 222 and an inferior vertebra 224. FIG. 26 shows a cross-sectional 
front view of the assembly. The prosthetic vertebral body includes a first 
intervertebral disc prosthesis 226, a prosthetic vertebral body 228 and a second 
intervertebral disc prosthesis 230. FIGS. 27 and 28 show a cross-sectional and front 
view, respectively, of the prosthetic vertebral body 228. The base of the prosthetic 
vertebral body in this embodiment is composed of a threaded rod 232 characterized 
by a superior end 234 and an inferior end 236. The threaded rod optionally includes a 
central collar 237 characterized by an upper 238 surface, a lower surface 239 and a 
circumferential edge 241. One or more holes 243 adapted to engage with a tool that 
grips and rotates, or grips and immobilizes, the threaded rod extend into the 
circumferential edge of the collar. Although the rod depicted in the figures is a solid 
cylinder, it should be understood that the rod may also be hollow. 
[0096] A superior vertically adjustable support 240 is adjustably mounted to the 
superior end of the threaded rod and an inferior vertically adjustable support 242 is 
adjustably mounted to the inferior end of the threaded rod. The superior vertically 
adjustable support defines a first tapped bore 244 extending into one surface thereof 
and the inferior vertically adjustable support defines a second tapped bore 246 
extending into one surface thereof. The superior and inferior vertically adjustable 
supports are each characterized by an exterior surface 250, 252 that faces toward a 
vertebra when the prosthetic vertebral body is implanted in a patient's spine, a 
circumferential edge 254, 256 and an interior surface 258, 260 that faces toward the 
intervertebral space when the prosthetic vertebral body is implanted in patient's spine. 
Like the collar on the threaded rod, the circumferential edges of the adjustable 
supports may optionally include one or more holes 261 adapted to engage with a tool 
that grips and rotates, or grips and immobilizes, the adjustable supports. 
[0097] The prosthetic vertebral body depicted in FIGS. 25 and 26 show an example 
of a mechanism that may be used to lock in the height of the body once it has been 
properly adjusted. This mechanism is analogous to that depicted in FIG. 4, above. In 
this design, both the superior and inferior vertically adjustable supports include one or 
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more notches 264, 265 cut into their circumferential edges 254, 256 along their 
interior surfaces 258, 260. The central collar 237 of the threaded rod includes one or 
more notches 262 cut into its circumferential edge 241 along its upper surface 238 and 
one or more notches 263 cut into its circumferential edge 241 along its lower surface 
239. A plurality of tapped holes 266 extend radially into the threaded rod above and 
below the central collar 237. As the superior and inferior vertically adjustable 
supports are rotated outwardly from a position where they rest against the collar, the 
tapped holes in the threaded rod become exposed. The tapped holes are vertically 
displaced from one another around the circumference of the threaded rod, such that 
more threaded holes are exposed as the superior and inferior vertically adjustable 
supports are rotated away from the collar. For example, the tapped holes may be 
displaced such that one additional tapped hole becomes exposed every time an 
adjustable support is rotated outwardly by an additional 1 millimeter. However, other 
displacements are possible. 

[0098] FIGS. 25 and 26 show how the notches in the vertically adjustable supports 
and the collar of the threaded rod may be used to lock in the height of the prosthetic 
vertebral body once it has been properly adjusted. When a notch on a vertically 
adjustable support is lined up opposite and facing a notch on the collar, the pair of 
notches form a frame into which a tab 268, such as that shown in FIGS. 5-7, may be 
fastened against the threaded rod using a screw 270 that engages one of the tapped 
holes 266 extending radially into the threaded rod. When the tabs 268 are in place, 
the vertically adjustable supports 240, 242 are unable to rotate with respect to the 
collar 237. The screws 270 may be aligned at a substantially right angle with respect 
to the long axis of the threaded rod 232, or may be aligned at a different angle to 
make it more accessible in situ. The contour of the inner surfaces of the tabs 268 may 
be designed to match the contour of the outer surface of the threaded rod 232 to 
provide a snug fit when the tab is screwed into place. Although the tab and frame in 
FIGS. 25 and 26 are generally rectangular in shape, it should be understood that a 
variety of alternative shapes may also be employed. 

[0099] In the exemplary embodiment depicted in FIGS. 25 and 26, the first and 
second disc prostheses 226, 230 each includes a first base plate 270, 272 characterized 
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by an exterior surface 274, 276 and an interior surface 278, 280 that defines a concave 
surface 282, 284. The disc prostheses further include a second base plate 286, 288 
that is integrated with the one of the vertically adjustable supports 240, 242 of the 
prosthetic vertebral body 228. The second base plate 286, 288 is also characterized 
by an interior surface 294, 296 that defines a concave surface 298, 300. The concave 
surfaces of the first and second base plates are disposed opposite one another in a 
substantially parallel relation, such that the concave surfaces of the first and second 
base plates are disposed opposite and facing one another. The disc prostheses each 
also include a disc insert 302, 304 having two opposing convex surfaces 306, 308 and 
310, 312 disposed between and in contact with the two opposing concave surfaces of 
the base plates. Each of the first base plates includes a plurality of pins 310 on its 
exterior surface for attaching the base plates to the superior and inferior vertebrae. 
[0100] The invention has been described with reference to specific illustrative 
embodiments. However it should be understood that many variations and 
modifications may be made while remaining within the spirit and scope of the 
invention. 
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